The importance of neurofibrillar impregnations in the study of the nervous system needs no emphasis. However, the silver methods currently used involve such a complex of variables that the results are by no means constant. The present communication is devoted to the problem of interpretation of results, together with certain fundamental relations between brain tissue and silver solution.
The employment of sodium carbonate instead of sodium hydroxide, introduced by Hortega, was a step of considerable importance. The resulting solution of silver carbonate is extremely delicate and capable of a very wide variety of uses. Hortega'se own summaries of his methods are somewhat difficult of access, but the technical details have been made available in English by his pupils."' 8 The paper of Kubie Kubie and Davidson, and consequently they were not employed. For the exhibition of neurofibrils there are, in the frozen-section methods, three distinct steps. The first is a preliminary bath of silver nitrate, which acts as a sensitizing agent. There then follows the impregnating bath of ammoniacal silver. And, finally, there is the reduction of the complex silver salt by formalin, with resulting deposition of silver on the anatomical structures.
It is worth emphasizing that the active agent is the ammoniacal silver solution, and that the preliminary bath is merely a special antecedent treatment to fadlitate the staining of neurofibrils. In the average well-fixed brain, in addition to the nudei and the outline of the nerve cell body, occasional nerve fibers or axis cylinders are delicately impregnated, as well as are many pigments and an occasional strand of reticulin. All these must be called argyrophilic.
If, now, following the silver bath a reducng agent is employed, vastly more detail is brought out. There are very many more axis cylinders, and, in addition, entire neurones with apical and basal dendrites well defined. In some instances the endofibrils or true neurofibrils are brought out by this procedure. Figure 2 illustrates such a cell, from a section placed directly in ammoniacal silver and heated, then washed and reduced. The endofibrils in the apical dendrite are distinct, but those in the cell body are not visible. Instead, the interior of the cell body is filled with irregular masses of silver. Attention should be called to the large number of axis cylinders in the neighborhood of this cell.
When no reduction is employed, the more intense the silver bath, within limits, the more detail will be displayed. The subsequent use of formalin reducer brings out still more detail. It is thus seen that some anatomical structures combine directly with silver ions after simple exposure to the silver carbonate. Other anatomical structures, if they are to be exhibited, require the active precipitation of silver ions by means of the formalin reducer. Hence (Fig. 2) . By the simple method so far outlined the neurofibrils of the cell body are very rarely displayed.
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Two points must here be emphasized. First, in respect to the endofibrils the total protoplasmic mass, and hence presumably the total neurofibrillar mass, appears to be of importance in determining the result. Large cells are easier to impregnate than are small cells, pyramidal cells easier than granule cells. Following reduction, the exhibition of apical neurofibrils is frequently very distinct, but cell size appears to be one of the principal determining factors.
In the second place, where the endofibrils are not displayed, the cell contains irregular masses of silver. In the large cells whose apical endofibrils stand out, the cell body shows these lumpy deposits. Some are illustrated in Fig. 2 , but they take many different forms. In smaller cells, similar silver granules may be present along the dendritic processes. Such deposits are not neurofibrils. There is no ground for supposing they represent fragmented, conglomerate, or damaged fibrils.
If, now, a sensitizing bath of silver nitrate is employed before impregnation with ammoniacal silver (the so-called double impregnation) the argyrophilia of delicate fibrils is enormously increased. However, reduction by formalin is necessary to demonstrate such fibrils in the normal brain. With such a procedure the axis cylinders are richly displayed, generally much more abundantly than with the simple impregnation hitherto considered. At the same time the endoneurofibrils through the entire neurone are brought out, in the cell body and perinuclear region as well as in the apical or basal dendrites. Examples are illustrated in Figs. 6, 9, 11, and 15, in which the contrast with Fig. 2 is obvious.
With this latter double method as with the single, fibrils are more easily impregnated in large cells than in small cells. And, as in the single method, the apical and other dendritic endofibrils are more readily displayed than are those of the cell body and perinudear region.
Even the most successful impregnations may show in many small neurones only apical endofibrils, while the perinuclear region contains merely irregular silver granules or masses, without fibrillar arrangement. It may thus be said that the double impregnation, where it is successful, shows endofibrils over the entire cell; where it is unsuccessful the picture may be similar to the results of simple impregnation.
The presence of granular and irregular masses of silver within nerve cells must be interpreted as non-impregnation of endofibrils.
Hyperargyrophilia
This term should be restricted exclusively to pathological material. It means a greater capacity for combining with silver than is shown by normal tissue. The method of simple impregnation applied to certain pathological tissues gives very gratifying results.
Senile plaques are intensely hyperargyrophilic. The direct treatment of such material with silver carbonate without any subsequent reduction gives a meticulous impregnation of all types of plaques. The pathological elements stand out sharply against a relatively dear background. The intensity of the staining can be controlled by varying the duration of the silver bath. Figure 3 illustrates a few plaques from a case of senile dementia. This simple impregnation applied to Alzheimer's disease, gives results as shown in Fig. 5 . Nuclei are clearly shown, together with the faint outlines of a few nerve cell bodies and a number of axis cylinders. The Alzheimer strands and the senile plaques, however, are vividly and intensely impregnated. Especially interesting is the cell designated by the arrow, with a normal nucleus but with heavy Alzheimer strands at the apex and periphery.* * For those who wish to employ this method, which is only the nuclear stain of Hortega somewhat differently applied, the steps are as follows:
Frozen sections of tissue well fixed in 10 per cent formalin are cut at 15 microns, and washed twice in distilled water. They are then placed in a solution of silver carbonate to which 4 or 5 drops of pyridine are added for 10 cc. of solution. The author uses 30 cc. pyrex beakers for staining dishes, covered with a watch glass. The sections are heated gently over an alcohol lamp. At all times the bottom of the beaker should not be hotter than can be very comfortably borne on the back of the hand. The beaker is agitated from time to time and tested on the back of the hand for over-heating. After some minutes, generally 5 to 10, the sections become dark brown. Sections may be examined under the microscope, and if too pale, replaced in the silver bath. When a suitable intensity of stain is revealed, the sections are all removed and mounted after toning.
The author makes up the silver solution in the following way: To 5 cc. of 10 per cent silver nitrate, strong ammonia is added dropwise until all precipitate is dissolved. If excess of ammonia has been added, a small amount of additional silver nitrate is added, until precipitate is once more evident, and this is redissolved with a trace of ammonia. To the clear solution (containing, say, 5 to 6 cc. of silver nitrate) 5 per cent crystalline sodium carbonate is added. The original formula calls for 20 cc. of the carbonate to 5 cc. of silver nitrate. The author secures more precise staining results by using less, such as 11 or 12 cc., of the sodium carbonate. The resulting solution is diluted to 75 cc. No greater accuracy is required than is obtained by the use of graduated cylinders, and slight differences in the amount of ingredients produce no detectable difference in the final results.
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If the double impregnation method (with reduction) is employed on tissue of Alzheimer's disease, there appears a wealth of nerve fibers, together with the nerve cell processes and endofibrils of the unaltered cells. The characteristic Alzheimer strands are also impregnated but, because of the great amount of detail, are often inconspicuous. Fig. 4 shows a section of the same case as in Fig. 5 but first treated with silver nitrate, then with silver carbonate, and then reduced. Normal cells are well shown, as are numerous Alzheimer strands and a few senile plaques. The quality of hyperargyrophilia is not apparent, because of the richness of the tissue constituents displayed.
By definition, however, structures visible without reduction are more argyrophilic than are those requiring formalin for their exhibition. A section of Alzheimer's disease, stained by the double impregnation method but not reduced, can give a picture like that shown in Fig. 13 (Fig. 9) was properly washed and reduced; the other (Fig. 8) , with intent, was improperly reduced. The difference is obvious. In Fig. 9 there is full differentiation of endofibrils, with a clear nucleus; in Fig. 8 the nucleus is black and homogeneous, endofibrils are not at all stained, but instead the cell is filled with granular and irregular deposits of silver, quite indistinguishable from the "soaking change" of Alexander' and almost identical with his figure 22D.2 That the appearance of Fig. 8 is not true hyperargyrophilia is shown by the technic outlined above. Sections from the identical block, treated directly with silver carbonate and examined without reduction, show no unusual features.
A second example of a different type is shown in Figs. 6, 7, and 10 where again closely adjacent sections from the same block were carried together through the same solutions, but were reduced differently, one properly, the other intentionally incorrectly. Fig. 6 shows a Betz cell properly impregnated. Fig. 7 , from the section improperly reduced, shows a similar cell with unstained nucleus, but with apparent "clumping" and "thickening" of the endofibrils which are visible as conglomerate masses rather than strands. Fig.  10 shows a smaller pyramidal cell, again with unstained nucleus, but with equally marked "thickening" of endofibrils. Again, no true hyperargyrophilia could be demonstrated by the recommended specific technic, and the condition is clearly artefact.
A significant feature of this second example is the fact that a lightly stained nucleus is not a guarantee of a correct impregnation and of freedom from artefacts. A dense black nucleus (as in Fig. 8 (Fig. 12) was subjected to the usual double impregnation, with unsatisfactory results. The other section (Fig. 11) was treated with ammoniated alcohol before the silver nitrate bath, as recommended by Hortega. The nuclei, instead of being black, are stained lightly or not at all. The endofibrils are brought out in distinct though very delicate fashion. The refractory tissue is thus made to yield a satisfactory though not brilliant picture.
A fourth example shows artefact produced by incorrect fixation. Fig. 14 is taken from a section of a normal cat brain fixed in formol ammonium bromide and then treated by double impregnation. The apical dendrite is well outlined and shows distinguishable endofibrils. The black masses of silver in the cell body, however, are artefacts with no relation to the endofibrils. Adjacent blocks of tissue fixed in formalin gave good results.
A fifth example of the importance of change in technic is shown in Fig. 15 . Attempts were made to reproduce the "soaking change" of Alexander' by following his procedure of immersing brain tissue in hypo-or hypertonic solution before fixation. However, the Hortega staining technics were used. Fig. 15 shows a cell from a block of tissue kept in 0.3 per cent saline solution for 24 hours, and then fixed in formalin. This picture may be compared with Alexander's own illustrations, figures 4 and 7 of his paper,' in which neurofibrils are replaced by dense black masses. With the Hortega double-impregnation method, instead of the Bielschowsky, as used by Alexander, endofibrils are satisfactorily displayed, as shown by Fig. 15 . Blocks of tissue treated by this "soaking" procedure failed to yield hyperargyrophilia by the simple and specific technic outlined above.
Comment
Types of hyperargyrophilia of known pathological significance, namely, senile plaques and the Alzheimer strands, are well demonstrated by the simple technic outlined above, namely, heating in silver carbonate and examination without reduction. At the same time, after the usual neurofibrillar technic, other types of intense impregnation that are proven to be artefacts fail to react with the method described. Consequently, this method is proposed as a critical test of true hyperargyrophilia in the nervous system, and as a reliable means of distinguishing fact from certain types of artefact.
The appearance of irregular granules and silver-staining masses within nerve cells calls for brief comment. With the simple method, such granules regularly occur after reduction. With double impregnation, employing preliminary silver nitrate, even the best preparations show such masses in a few cells, especally small cells of the second cortical lamina, while in less fortunate impregnations granules occur in many more cells. In addition, irregular silver masses appear in various artefacts that may be corrected by appropriate technic as shown in some of the foregoing illustrations. There appears to be an inverse correlation between the exhibition of true endofibrils and the presence of such masses or granules. The morphology and intensity of these irregular deposits depend on the vigor of the ammoniacal silver solution employed. As Kubie and Davidson6 point out, silver hydroxide is much more active and unstable than is the carbonate, and gives rise to more intense deposits in imperfect impregnation.
In respect to irregular masses of silver occurring after formalin reduction, it is worth pointing out that much of the so-called pathological change "lo
